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A MODEL OF THE INTERACTION BETWEEN THE SOLAR WIND
AND AN INTERSTELLAR MEDIUML

v

V. B. Baranov, K. V. Krasnobayev, A. G. Kulikovskiy

ABSTRACT. A model of the interaction between the seolar wind
intersteilar medium, based on the assumption that

ou lisi predominate in interstellar gas, is
designed and described. Hydrodynamic equations are used to
e e

Experimental investigations of interplanetary plasma by space vehicles have ey
established the fact of the existence of a supersonic flow of plasma from the
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sun. The results of thes tions do not contradict the existing theory
9

a
concerning the solar wind (see [1, 2], for example). According to today's
accepted solar wind theory, the plasma from the solar corona has already reached
supersonic speed at a short distance from the sun (of the order of a few solar
radii), the result of ithermal expansion, after which the speed rapidly approaches
the asymtote. This speed can be taken as constant for a distance egual to one
astronomical unit (AU}, approximately, so in the case of a spherically symmetri=~
cal flow there is a reduction in density as 1/r2 (r is the distance from the sun).

According to Parker {[1], the magnetic pressure of the total magnetic field of the
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The reduction in the mass density p.has the result of making the solar wind
pressure insufficient for the sclar wind to push itself into the interstellar
medium at certain distances from the sun.

4

According to today's hypotheses, deceleration of the solar wind is the result
of its interaction with the interstellar magnetic field, with interstellar gas, or

. b '

From the assessments made in surveys [3, 4], as well as in re-
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ference [5], it follows that the domain of strong deceleration of the solar wind

l. Presented by Academician G. I. Petrov, 20 February 1970.

indicate pagination in the original text.
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begins at the heliocentric distance; r ~ 10 - 100 AU, depending on the nature of
the hypothesis advanced. 4And the nature of the interaction depends heavily on

the degree of lonization of the interstellar medium.

Today, the degree to which the interstellar gas in the vicinity of the solar

system is ilonized is virtually unknown. However, assessments based on the scatter-
1

the far solar uliraviolet spectrum, have it that the zone of almost total ioni-
. . . . 3 .

zation of the hvdrogen extends for a distance of at least 107 AU. Moreover, the

interstellar gas in the vicinity of the solar system can be ionized by radiation

from the closest hot stars (such as yVel and gPup, for example) .

ested and designed in what follows, is based on the
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The model, whic
assumption that Coulomb collisions predominate in interstellar gas.

We shall teke it that the solar wind is spherically symmetrical in the vicin-
ity of the sun, and we shall consider its interaction with the interstellar gas

moving relative to the sun. %The problem then will have cylindrical symmetry.

We shall assume that the flow can be described by hydrodynamic equations.

This assumption stems from the fact that solar wind ioms, considered as probe

ions moving in the fieid of charged particles of the interstellar medium, lose *
their directional momentum almost completely and transfer it to the electrons 1}
[8] of the interstellar plasma at distances L fhl AU (the computation assumes the
density and the temperature of the interstellar medium equal to P 30“2& g/cmz,

T = 5«i07°%°K, and the velocity of the solar wind to be v, = 3»107 cm/s)e The
electrons, in turn, decelerate the ions of the interstellar medium. Moreovel,
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=
=
@
3
les
b
<}
(o)
Pt

4]

v
5

beam instability can result, and this too can

5
determine scattering of charged particles. These processes can be corfisidered to
ective collision mechanisms, precluding the possibility of the existence
of multispeed sireams of ionized gas, and the pessibili{y of the mutual penetra~
tion of flows with the same speed. At the same time, as will be shown in what

follows, the characteristic scale of the phemomenon has an order of magnitude
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he stream of interstellar gas move at supersonic speeds.




he Mach number M, = = is a good approximation for the solar wind, so if we
take the temperature of the interstellar gas as Tl < 5-107°K, and its velocity
as v. ~ 20 km/s, we obtain M, » 2 for that gas. Figure 1 is the qualitative
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w resulting from the interaction of superscnic flows. Two

shock waves are formed, with the interstellar gas passing through one, and the

The gas is compressed in the layer between the shock
waves, and its density is significantly greater than that
of the surrounding medium. Busemann's method [9] can be
used to arrive at a rough approximation of the shape of

this compressed layer. Taking the layer of gas between

the shock waves as thin (a surface) and assuming that the
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heliocentric system of coordinates as

Tt

cmy;

2 . 2, my
P1Vsn = Pa¥an 5 gomory R '

(1)

d .
=7 (mvy) = 237 $10 @ (0101015 + P3V2Vae).

e p, and v are the density and the velocity of the interstellar gas; Po and

v, are the same magnitudes for the solar wind; m is the mass of gas entering

ime from the solar wind and from the interstellar medium;

e of this surface (the second term on the right-hand
ation is the centrifugal force acting on the gas inside the

sion) v, is the mean velocity of the gas along the surface of

discontinuity; the indexes n and T refer to the projections of the corresponding

velocities on the normal ané the tangent, respectively; r and ¢ are the polar
coordinates of the surface replacing the layer of gas between the shock waves
s A - « " «

(Figure 2). The magnitudes m and R are found through the formulas (the primes

.

signify differentiation with respect to @)

== nrtpw sin® @ 4 2nrp,0: (1 — cos @) ;
(72 g 3y
A} . X s
(r" . LI ,-,-'} v r== r((P')- iig)

gas velocity across the layer does not change, we can write
he law for the conservation of momentum in the gas laver in

he projections on the normal and tangent to the layer in a

s
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introducing angle x between the direction of velocity
v, and the tangent to the surface, as well as angle Y
vetween the direction of the normal to the surface and the

direction of the radius vector (Figure 2}, and dropping

v, s m and R from Egs. (1) and (2), we obtain the equation

2z rsmw(mm SINZ COS T - gV SIN [ €O ) =

_ 1 27 sin @ (r2 2 r'5)'fe
' - (r* =)'l (2 2r ")

bs

><(Px“fsin?x-—-pzvgcos*y)]4, (3)

fter computation of the relationships
tgr=1g[n/2 —+ arctg ("’ /r)]
tgy=r'/r;
Vin 92 U SINT; Ui == U COS XL Uz == V2€O0S I/}
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can be reduced to a complex, nonlinear, differential equation of third order re-

lative to the function r = r{p), establishing the shape of the interface between
the two plasma flows. This equation, in dimensionless form is (because of the
cumbersome form of the equation obtained it will be written in general form only)

e Ld r-/ p// _ v./ u/ 70«

& = U‘((Pr S5 ) /‘i (<P' o (r':: 015)' ¢
(5)

are known functions of their arguments; T is the heliocentric dis~

tance to the surface of discontinuity when ¢ = 0; the magnitude r, can be deterw

(which follows from the first of the
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equations at (1) when ¢ = O) when the equation of continuity for a spherically
2

symmetrical solar wind pvr = constant (v = constant) is used. ¢

Eq. (5) is solved numerically for the boundary conditions

=1, =0, =2/, when =0 (E=r/r). (6)
The second conditicn of Eg. (6) is the condition of symmetry for the problem,
nd the third condition makes it possible to move away from the singular point
. (when @ ~ O, the ratio Vﬁ/yz is an indeterminancy of the form 0/0)

ong the integral curve passing through this point, and to numerically integrate

that the right-hand side of Eq. (5), obtained

no dimensionless parameters, and that all




r o= ro§(@} curves, defined by the solution for Eq. (5) for the boundary conditions
of Eq. (6}, are similar to each other (ro will depend on the relationship
2 2

sh&ws the results of the numerical computation
ction § = £(9P). The angle between the plant of the
d

irection of movement of the sun relative to

he

’\\ / che interstellar medium is designated Do in this figure. The
/ &yng7 distance to the surface of discontinuity along the beam
j ! y f LN is the distance to the surface of discontinuity in the

The measurements show that ¢ o, 53°. What fellows from

efore, is that §(9,)/g(0) = r(9))/ry ~ 1.2.

results of the computation for ro in terms of solar wind

‘s 24
Specifically, when v, /Ll
o {ng ~ 5 cm-s); we have rj ~ 35 AU. The distance to

the surface of discontinuity in the plane of the ecliptic

~ 3-107 cm/s, and oo 5.10°

T

¥
s case is r ~ 35-1.2 = 42 AU, that is, the surface of

Fie

in th
discontinuity is somewhere in the vicinity of the orbit

of Piuto. 7This distance will decrease at lesser velo=-

7 57 , o s cia . ‘
7 }m; sHafs  citiesy, or at lesser densities, of the solar wind, natur-
? :
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It should be pointed ocut that the assumption with respect to the layer
between the shock waves being narrow will be upset, obviously, for large angles
©. The outer shock wave passes to infinity and degenerates intc a characteristic,

while the inner closes.
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